Overweight children show different movement patterns during walking than normal-weight children, suggesting the accuracy of multisensory activity monitors may differ in these groups. Methods: Eleven normal and 15 high BMI African American children walked at 2, 4, 5, and 6 km/h on a treadmill wearing the Intelligent Device for Energy Expenditure and Activity (IDEEA) and SenseWear (SW). Accuracy was determined using indirect calorimetry and manually counted steps as references. Results: For IDEEA, no significant differences in accuracy were observed between BMI groups for energy expenditure (EE), but differences were significant by speed (+15% at 2 km/h to -10% at 6 km/h). For SW, EE accuracy was significantly different for high (+21%) versus normal BMI girls (-13%) at 2 km/h. For high BMI girls, EE was overestimated at low speed and underestimated at higher speeds. Underestimations in steps did not differ by BMI group at 4 to 6 km/h, but were significantly larger at 2 km/h than at the other speeds for all groups with IDEEA, and for normal BMI children with SW. Conclusions: Similar accuracies during walking may be expected in normal and overweight children using IDEEA and SW. Both monitors showed small errors for steps provided speed exceeded 2 km/h.
Overweight and associated diseases including type 2 diabetes mellitus are particularly high in African American children in the US, especially in girls, 1, 2 and interventions promoting physical activity may be of great importance for reducing the risk of these diseases. 3, 4 The success of an intervention in promoting physical activity should be assessed with a reliable method for quantifying the change in physical activity. Such a method would have to fulfill several requirements including the ability to register the variety of physical activities and patterns performed by children, [5] [6] [7] and the ability to remain accurate despite individual differences in physical characteristics. [8] [9] [10] [11] [12] [13] The later may be of importance in studies comparing physical activity data between overweight and normal-weight children, or when the aim is to quantify changes in physical activity as they relate concurrently to changes in body fatness. Overweight children show a different and less efficient walking-pattern than normalweight children. [14] [15] [16] [17] [18] For example, the mediolateral movement during walking was twice as great in overweight compared normal-weight children during walking, which may explain the higher energy cost observed in the overweight children. 15 Hence, an activity monitor may be expected to respond differently in overweight children and hence, need to be able to adjust for these differences without compromising accuracy.
The Intelligent Device for Energy Expenditure and Activity (IDEEA) and the SenseWear (SW) are 2 multisensor activity monitors that apply advanced modeling techniques to recognize postures and activities, 19, 20 and to calculate energy expenditure (EE) by considering the physical characteristics of the individual. 20, 21 Moderate to high accuracy of assessing EE in children has been reported for these 2 monitors, but the accuracy varied across activities and between individuals. [22] [23] [24] [25] [26] [27] Data from the SW have shown that the physical activity intensity level affects its accuracy. [22] [23] [24] Studies that have reported the accuracy of the IDEEA and the SW have mostly been performed either in normal-weight children, [22] [23] [24] [25] or in overweight children. 26 In only 1 study using the SW was the effect of weight status investigated and the results indicated that accuracy might be related to BMI percentile. 27 Hence, the aim of this study was to perform a direct comparison between overweight and normal weight African American children of the accuracy of the IDEEA and the SW in assessing EE and steps.
Methods

Experimental Design
The participants in this study were assigned to 2 different groups depending on their body mass index (BMI) using standard growth charts developed from national US surveys (www.cdc.gov/nchs/data/series/sr_11/sr11_246. pdf): the normal BMI group included children with BMI percentiles ≥ 15th to < 85th, and the high BMI group included children with BMI-percentiles ≥ 85th. We aimed to evaluate 6 males and 6 females in each group, for a total sample size of 24. The participants walked on a treadmill at different exercise intensities (speeds) while wearing the IDEEA and SW devices. EE, calculated from oxygen uptake, and manually counted steps were used as references to determine the accuracy of the IDEEA and the SW.
Subjects
Participants were recruited from inner-city Oakland, CA. African American children, 8 to 12 years old and without any medical condition preventing them from performing normal physical activity, were invited to participate in this study. These eligibility criteria were assessed using a screening questionnaire administered to parents/guardians of the children. Signed informed consent was received from a parent or guardian, and signed child assent was received from the child before participation. During recruitment, an attempt was made to achieve a similar age distribution within each gender/ group. This study was approved by the Committee for Protection of Human Subjects at the University of California at Berkeley.
Instruments
Intelligent Device for Energy Expenditure and Activity (IDEEA). The Intelligent Device for Energy Expenditure and Activity (Minisun LLC, Fresno, CA, USA) consists of 5 biaxial mini-accelerometers (16 × 14 × 4 mm, 2g) attached with medical tape over the sternum, to the front side of each thigh and under each foot. The accelerometers are connected through thin, flexible cables to a microprocessor/storage unit (70 × 44 × 18 mm, 59 g) attached with a clip to the clothes or a belt at the waist. The signal-pattern from the accelerometers is automatically analyzed by advanced algorithms to determine the activity and EE. The IDEEA is powered by 2 AA batteries for more than 48 hours and stores data at a frequency of 32 Hz with a storage capacity of 6 days. In this study a single instrument (IDEEA version 3.01) was used for all subjects.
SenseWear (SW). The SenseWear Pro2 (BodyMedia, Inc., Pittsburgh, PA, USA) (85 × 53 × 19 mm, 79 g) collects data from a skin temperature sensor, a near-body temperature sensor, a heat flux sensor, a galvanic skin response sensor, and a biaxial accelerometer at a sample frequency of 32 Hz. The signal-pattern is automatically analyzed to determine the activity and EE. SW is attached as an armband with an adjustable strap around the upper arm, and with the sensor in contact with the skin on the backside of the arm. It is powered by 1 AAA battery for up to 14 days and has a data storage capacity of 10 days. In this study, all measurements were made using a single instrument, worn on the right arm. The SenseWear Professional software version 6.1 was used for calculation of EE set to integrate and store data over 1 minute intervals. In this version, the algorithm for EE had been improved for BMI > 30, according to the manufacturer.
Reference Method for Energy Expenditure and
Numbers of Steps. The Vista Mini-CPX (Vacumetric Inc./VacuMed Division, Ventura, CA, USA) was used to measure oxygen uptake, using a flow sensor with turbine for air volume and a fuel cell for oxygen analysis. The flow sensor was attached to a face mask covering both the nose and mouth. Oxygen uptake was measured breath-by-breath and energy expenditure was calculated using Weir's equation: EE (kJ/min) = (1.046 to 0.05 × %O 2 e) × Ve (l/min) × 4.184 (kJ/kcal); %O 2 e is the oxygen concentration in the expired air, and Ve is the volume of expired air. 28 The usefulness of this equation has been investigated and supported in a more recent study. 29 Before taking measurements, the equipment was calibrated according to manufacturer's instructions and the face mask was checked to ensure absence of air leaks. Steps were counted manually by a trained staff using a hand held counting device.
Procedures
The participants were instructed to refrain from any food and beverages (except water) 3 to 4 hours before measurements. After arrival at the exercise laboratory all aspects of the measurement protocol were demonstrated to the child and his/her parent/guardian. Body weight was measured to the nearest 0.1 kg using a digital electronic scale (BWB 800, Tanita Corporation, Japan) with participants lightly dressed and without shoes or jewelry. Height was measured to the nearest 0.1 cm using a portable stadiometer. BMI was calculated as weight (kg) divided by height squared (m 2 ). BMI-percentiles and BMI z-scores were generated using an age and gender specific CDC calculator program (http://apps.nccd.cdc.gov/dnpabmi). After 30 minutes in a recumbent position, total body resistance was measured using bioelectrical impedance analysis (BIA; Model BIA-101Q, RJL systems, Detroit, MI) according to manufacturer´s instructions. Measurements of body weight, height, and resistance were repeated until 3 consecutive values differed by not more than 0.1 kg, 0.5 cm, and 5 Ohm, respectively. Fat-free mass was calculated using the mean of the 3 measurements of body weight, height, and resistance from BIA using the following equation: FFM = [3.474 + 0.459·Height (cm) 2 /Resistance(ohms) + 0.064·Weight(kg) / (0.769 to 0.009·Age(years)-0.016·Gender(female = 0, male = 1)]. This equation was developed in a large sample of children across a range of ages, races, and ethnic backgrounds using whole body DXA as reference. 30 The r 2 value for the model was 0.997 and the difference from DXA in cross-validation was 0.5% for all subjects and -1.2% for African American children.
Participants were asked to walk for 4 minutes at each of the speeds 2, 4, 5, and 6 km·h -1 . The walking protocol started at 2 km·h -1 and speed was increased every 4 minutes to the next higher speed. During walking, the participants wore the IDEEA and SW, and breathed through the face mask for oxygen uptake. Steps were counted manually during minutes 3 and 4 of each 4-minute period. Approximately 40 minutes before beginning the walking trial, the IDEEA and SW were attached to the body and were time-synchronized to the oxygen uptake device. The participants were given time to practice walking at all 4 treadmill speeds used in the protocol and to adapt to breathing through the face mask. The treadmill (PaceMaster Pro-Plus; Aerobics, Inc., West Caldwell, NJ, USA) was tested for speed accuracy immediately before starting the study. This was performed by letting one of the research team members walk repeated at each of the 4 speeds included in the protocol, while another team member assessed the time needed to travel a known distance (equivalent to 10 laps of the treadmill band) at each speed using a stop-watch. The treadmill showed high speed accuracy at all speeds.
Data Analysis
Differences in physical characteristics of normal BMI versus high BMI children were determined using twofactor ANOVA with interactions, and with BMI group and gender as grouping factors. EE Ref was defined as the total energy cost of the activity (kJ/min) assessed from oxygen uptake; EE IDEEA and EE SW were defined as total energy cost determined using IDEEA and SW, respectively. Steps Ref was defined as steps assessed from manually counted steps; Steps IDEEA and Steps SW were defined as steps assessed using IDEEA and SW, respectively. Accuracies were determined for each child at each speed by calculating the % difference from the reference method using as one example:
× 100. Statistical analyses were performed using 3-factor repeated-measures ANOVA with 2 grouping factors (BMI group and gender) and 1 within-subject or trial factor (speed). Statistically significant differences (P ≤ .05) were followed-up by Tukey's difference test at a 5% procedure-wise error rate.
Data collected during the last 2 minutes of each 4 minute-interval were averaged and used in the analyses. The short measurement period was chose to accommodate the low endurance and fitness levels of many participants, ensuring that all participants to complete the entire study protocol. In a previous study in children 2 minutes was considered an adequate equilibrium period for oxygen uptake and for the SW, and a 3 minutes data collection was shown to be adequate for walking activities. 23 We investigated the consistency of EE across the measurement period for EE Ref and EE SW . Major differences were observed during the first 2 minutes. Between minute 3 and 4 the differences in EE Ref averaged only +1.3%, +2.1%, -0.7%, and 0.0% at 2, 4, 5, and 6 km·h -1 , respectively. Similarly for EE SW , these differences averaged only -3.1%, +2.8%, +2.9%, and +1.4%. Based on these results, we considered the 2 minutes data collection period as adequate for assessing EE of the walking activities in the current study.
Results
Thirteen normal BMI and 15 high BMI children chose to participate in this study. However, because of a technical error in the oxygen uptake device, an incomplete set of data were available for 2 of the normal BMI children so they were excluded from further analysis. Thus, data are reported for 11 normal BMI and 15 high BMI children. Consistent with the experimental design, children in the high BMI group were heavier than children in the normal BMI group, and this extra weight was composed of both fat and fat-free mass (Table 1) The accuracy of the IDEEA in assessing EE or Steps (Figure 1 ) was not significantly influenced by BMI group or gender, nor by their interactions with the other factors (Table 3A) . The accuracy of the IDEEA for both variables was significantly influenced by speed. The accuracy for EE differed from an overestimation of 15% at 2 km·h -1 to an underestimation by 10% at 6 km·h -1 . Steps were underestimated by 53% at 2 km·h -1 and underestimated by 2% or less at the other speeds (Table 3C) .
SW showed a significant 3-way BMI group by gender by speed interaction for EE SW and Steps SW (Table 3A) . Even though the overall mean values were significantly lower in the normal BMI than in the high BMI group (Tables 3A and 3B) , the 3-factor interaction required that each of the 4 BMI-gender groups to be evaluated separately across speeds (Table 3C ). For both EE SW and Steps SW , follow-up analysis indicated that there was only a significant difference in accuracy between normal and high BMI girls at 2 km·h -1 (-38% versus +21% for EE SW , -71% versus -11% for Steps SW ). At the other speeds, there were no group differences. There was a significant influence of speed on accuracy for EE SW in high BMI girls only, with an overestimation of 21% at 2 km·h -1 being significantly different from the underestimation of 7% and 13% at 5 and 6 km·h -1 , respectively (Table 3C ). Among the other children, there were constant underestimations between 10% and 30% at most speeds. SW also showed a larger underestimation of steps at 2 km·h -1 compared with the other speeds, but this difference reached significance only in normal BMI girls and boys, with underestimations at 2 km·h -1 of 47% and 71%, respectively. At the other speeds the underestimations were mostly less than 10% for both BMI groups. The accuracy of the SW is also displayed in Figure 1 .
Discussion
Body weight status did not have any significant effect on the accuracy with which the IDEEA or SW assessed EE in the current study, except at 2 km·h -1 for the girls. Thus, even though it has been previously observed that excessive amounts of body fat contribute to a more inefficient walking pattern, 15 the results of the current study suggest that the algorithms for these multisensor monitors account for difference in body weight status. In a recently reported study, a weak but not significant correlation between SW error and child BMI percentile was reported, and the investigators interpreted this observation to suggest that errors may be associated with body weight. 27 To our knowledge this is the first study to have systematically determined the influence of BMI status on accuracy of IDEEA in children. Differences in normal-weight 11 to 13 years old Caucasian children of 9, 10, 2, -5, and 10% compared with the reference method during walking and running at 3, 4, 6, 8, and 10 km·h -1 were reported in a previous study that assessed the accuracy of the IDEEA for measuring *P < .05; **P < .01; ***P < .001; there were no significant interactions between BMI group and gender; significant differences between BMI groups are adjusted for gender. (8) 81 (8) 83 (8) a 4 114 (4) 110 (5) 112 (5) b 5 125 (4) 121 (6) 123 (6) EE. 23 Hence, the differences reported in the current study compare favorably with those reported previously. Some of the difference in values between the studies may be explained by the difference in age of the children. Unfortunately, accuracy of these devices at running speeds of > 6 km•h -1 could not be determined in the current study since the overweight children were generally unable to sustain even a slow running pace for the 4 minutes needed to make these assessments. The accuracy of the SW in assessing EE in normalweight 11-to 15-year-old Caucasian children has previously been reported to be affected by exercise intensity, with underestimation increasing with intensity. [22] [23] [24] Differences compared with reference (indirect calorimetry) were 13, -8, -9, and -14% during treadmill walking at 2, 4, 5, and 6 km·h -1 , respectively. 24 However, in the current study exercise intensity had a significant effect on accuracy only for high BMI girls. In the other 3 groups, exercise intensity did not significantly influence EE accuracy, although there was an underestimation across all speeds. In another study of the accuracy of the SW in 9 years old children of diverse cultural backgrounds, the differences compared with the reference (indirect calorimetry) were 1%, -1%, and -3% at 3.2, 4.0, and 4.8 km·h -1 . 27 Hence, in that study and in the current study there was no clear influence of speed on the accuracy of the SW as observed in other studies, 23, 24 even when the same SenseWear Professional software version was used (version 6.1). Age differences between studies may explain some of the differences in results. As speeds greater than 6 km·h -1 could not be assessed in our study due to physical fitness limitations of the children, extrapolations of these findings to higher intensities of physical activity should be made with caution.
Although the accuracy of the IDEEA in assessing EE was significantly affected by speed in the current study, the magnitude of the error was mostly 10% or less. In addition, from the results in the present and previous Abbreviations: BMI, Body Mass Index; EE, Energy Expenditure; IDEEA, the Intelligent Device for Energy Expenditure and Activity; SW, SenseWear. a Normal BMI girls n = 5; Normal BMI boys n = 6; High BMI girls n = 7; High BMI boys n = 8.
study, 23 the accuracy in assessing EE may be considered higher for the IDEEA compared with the SW. An error of 10% or less occurred considerably more often for the IDEEA than for SW. In the SW the error was usually larger than 10%. However, the SW may be more feasibly used in field studies than the IDEEA. Both monitors show large individual errors. Hence, neither of these activity monitors is optimal for follow-up of physical activity and EE in studies where it is necessary to assess the influence of an intervention at the individual level. Both the IDEEA and the SW were accurate in assessing steps at walking speeds higher than 2 km·h -1 . Others have reported that pedometers and accelerometers accurately assess steps at speeds of 4 km·h -1 or higher, with errors less than 10%. 31, 32 At lower speeds similar large errors as in the current study were observed. The influence of speed on accuracy may be due to lower acceleration force at slow walking speeds, making it less likely that the threshold for recording a step is reached. The higher error at lower speeds may make the IDEEA and the SW less sensitive to changes from sedentary to light physical activity, which has been postulated contribute significantly to disease prevention in parallel to increasing the time of moderate-to-vigorous physical activity. 33 Also, the higher error may necessitate a corresponding increase in sample size to detect changes at these intensity levels. To demonstrate a possible consequence of the errors in assessing EE shown in this study by the IDEEA and the SW, we introduce a calculation example concerning overweight children. Suppose that the goal for reducing the risk of diabetes is to lose 1 kg of body fat in an 11 year old overweight child. The intervention period is set to 2 month (9 weeks). One kg fat corresponds to approximately 38 MJ (0.038 MJ/kg fat), which requires an energy deficit, on average, of 4.2 MJ per week (38 MJ/9 weeks). Assuming that energy intakes are unchanged and the deficit is achieved solely by increasing EE. By using EE data for the overweight children in the current (16) 15 (14) 24 (24) 4 (17) 15 ( study, this energy deficit could be achieved if each child spent an additional 60 minutes daily, 5 times a week engaged in physical activity corresponding to an intensity of walking 4 km·h -1 . If we used the IDEEA or SW, we would expect the monitors to underestimate EE by 2% and 7%, respectively (the mean error at 4 km·h -1 for high BMI boys and girls). However, because of the large individual variation in the error, we can also expect the standard deviation of these estimates to be ~17% (Table  3C) . Hence, for an individual child with an accuracy of 2sd from the mean, an error of 34% may occur. Although the error at the group level may be small, the usability of these 2 monitors as tools for individual assessments may be limited at present. A strength of this study is the standardized protocol minimizing the number of uncontrolled factors affecting the response from the activity monitors, the accuracy of the oxygen uptake device, and assuring adherence to the intensity levels. Previous studies of the SW and the IDEEA in children also used treadmill walking, facilitating comparison of the results. Another strength of the current study is the use of oxygen uptake as reference, which is considered the golden standard for physical activity intensity of single activities.
Although the study design allowed for a high control of several of the factors affecting the quality of the measurement performed, the results should be used with cautious to draw conclusions about the performance of the activity monitors for longer walking periods than 4 minutes, for other activities, or during free-living activity. As this study included only African American children, results cannot be extrapolated to other races and ethnicities, nor can they be extrapolated to children across a wider age range than included here. As the sample size was limited, some of the results may be specific for the children in the current study. There was a statistically significant difference in age between the BMI groups. However, this difference was considered small and with minor influence on the results.
Conclusions
Despite differences in energy expenditure for normal versus high-BMI children, EE was assessed with similar accuracy in the 2 BMI groups when using the IDEEA and the SW monitors. The accuracy of the IDEEA was similarly affected by speed for both BMI groups and genders. The accuracy of the SW for assessing EE was not uniformly affected by speed in all groups, and the magnitude of error was larger compared with the IDEEA. However, both monitors show large individual errors for EE and need further development for accurate follow-up of physical activity in individual children. Steps were assessed with high accuracy by both monitors, provided walking speeds exceeded 2 km·h -1 .
